ABSTRACT The secretory immune system of the mammary gland is undeveloped in virgin mice but becomes active at term and during lactation. This change appears to depend on migration to the mammary gland of precursors of IgA-secreting cells derived from the gut-associated lymphoid tissue, an origin which explains the specificity of milk IgA antibodies for enteric organisms. Because development of the epithelial components of the mammary gland is clearly under hormonal control, we examined the effect of mammotro ic hormones on differentiation of the immune elements. Undr a combined regimen of progesterone, estrogen, and prolactin, development of the glandular epithelium occurs with concomitant increments in the number of IgA-secreting plasma cells and amount of intrae ithelial IgA. These increases appear to be due to en- 
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Antibodies in maternal milk can play an important role in protecting infants against gastrointestinal infections. Suckling of infants therefore is thought to be particularly desirable in underdeveloped countries where such infections are especially common. The major antibody class found in milk, as in the other exocrine secretions of most mammalian species, is IgA which is thought to be derived from local plasma cells and transported across the epithelium to the milk. A question arises as to how the population of plasma cells residing in the mammary gland acquires specificity for gastrointestinal organisms. We have studied this problem in a mouse model (1, 2) .
In the mouse mammary gland, the number of plasma cells synthesizing IgA and the amount of intraepithelial IgA increase dramatically as lactation becomes established and they decline after weaning (1) servations can thus explain the specificity of milk antibodies for gastrointestinal organisms: the antibodies are produced by plasma cells derived from precursors originally stimulated by antigens in the GALT.
A second question arises as to what controls the increase in mammary gland plasma cells late in pregnancy and during lactation. One possibility is that the controls are hormonal. An analysis of this idea is the subject of the present paper. Because differentiation of the epithelial part of the mammary gland is hormone-dependent, we investigated whether exogenous hormones administered to virgin mice can also effect the morphological and functional changes in the immune system of the mammary gland that are observed during natural pregnancy and lactation. Estrogen, progesterone, prolactin, and cortisone, known to promote development and lactation (3), were investigated alone or in combination in virgin mice. In addition, testosterone was studied because of its inhibitory effects on mammary gland development. We found that the development of the secretory immune system, assessed in terms of IgA plasma cells and intraepithelial IgA, parallels general glandular development and depends on the combined effect of estrogen, progesterone, and prolactin. Furthermore, this combination of hormones also induces the mammary gland of virgin females to act as a homing site for IgA immunoblasts taken from mesenteric Combined hormone treatment was essentially without effect in intact males (group 18). However, castrated males that received the triple treatment (group 19) responded with marked glandular development as well as pronounced increases in number of IgA plasma cells. This result suggests that androgens inhibit the development of the secretory immune system in the mammary gland. To investigate this possibility further, testosterone was administered to lactating females. This treatment produced an arrest of mammary gland development, a concomitant reduction in plasma cell numbers, and a decrease in intraepithelial IgA (group 14).
Influence of Hormones on Homing of MN Lymphoblasts to Mammary Glands of Virgin Mice. We have presented evidence (2) that immunoblasts derived from MN home to the mammary glands of near-term and lactating mice but not to those of normal virgin mice. Immunoblasts derived from PN do not share this property. The homing cells bear surface IgA, not IgG or IgM, and can be identified as IgA plasmablasts in the mammary gland within 24 hr of transfer. The comparative efficiency with which MN blasts, relative to PN blasts, seek the mammary gland parallels the degree of development of the mammary gland and is conveniently expressed as a preference index (PI) defined as 12 (Fig. 1) . Table 2 , considerably greater PI values (mean + SEM = 2.4 + 0.5), approaching those found in naturally lactating mice, were seen. These results demonstrate that exogenous hormones can induce the mammary glands of virgin mice to behave like those of naturally lactating females in acting as homing sites for MN lymphoblasts. Hormone treatment did not alter the natural capacity of the small intestine to act as a homing site for MN lymphoblasts (7) and had no effect on homing of either PN or MN lymphoblasts to various lymphoid organs (not shown).
Influence of Testosterone on Homing of MN Lymphoblasts to Mammary Glands of Lactating Mice. The converse of the preceding experiment was to determine whether testosterone, which inhibits development of the secretory immune system in the mammary gland (Table 1) , would inhibit homing of MN lymphoblasts to the mammary glands of lactating mice. When lactating mothers were treated with schedule 10 ( Fig.  1 ) begun 4 days post partum, a PI of 0.6 was obtained. This value is within the range found in virgin mice. The same donor MN cells migrated efficiently to the mammary glands of lactating mice not given exogenous hormones. Again, the hormone treatment had no effect on homing to the small intestine. DISCUSSION It has long been clear that multiple hormones are necessary for optimal development of the epithelial elements of the mammary gland (6, (8) (9) (10) (11) (12) . The most important hormones appear to be estrogen, progesterone, and prolactin (8, 9) ; however, other hormones such as cortisone (6) The origin of IgA plasma cells in the lamina propria of the intestine is also thought to be in the GALT (reviewed in refs. 14 and 15). The precursors arise in the Peyer's patches and migrate to the MN and thence via the circulation to the lamina propria, thus participating in an IgA cell cycle. The precursors of the IgA plasma cells in the mammary gland also appear to originate in this pool and have similar properties,-i.e., they are lymphoblasts that bear endogenous surface IgA and lack surface IgM and IgG and complement receptors (2) . We speculate that, if the precursor populations are indeed the same, it is likely that homing involves expression in both mammary gland and intestine of the same receptor capable of interacting with a particular element on the surface of an IgA immunoblast. The nature of both the tissue receptor and the immunoblast element is unknown at present. The tissue receptor could be constitutively expressed on the surface of many cells in the intestine and on a small contingent of cells in the resting mammary gland, or it might be a secreted product of these cells and act as a chemotactic factor. Expansion of the population of receptor-bearing (or secreting) cells under the influence of hormones would explain the increased attraction of the lactating mammary gland for homing B cells. Alternatively, receptors in the mammar gland might be synthesized de novo under the influence of hormones. Inducibility of the tissue receptor by exogenous hormones affords an approach to its isolation and the study of its interaction with IgA plasmablasts.
